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Abstract
As the world continues to grapple with the environmental impact of industrialization,
businesses are seeking ways to lower their carbon footprint and encourage sustainable
practices. One such approach is implementing a closed-loop supply chain. Closed-loop
supply chain (CLSC) is an innovative approach that integrates forward and reverse
logistics to create a closed-loop system of material flows, thus reducing waste and
improving sustainability. It emerged as an important strategy for businesses to
minimize the environmental effects, reduce the use of natural resources, conserve
resources, and cut down the expenses. CLSCs have gained increasing popularity in
recent years due to their potential to improve sustainability and maximize the value of
products throughout their lifecycle. While many countries have adopted closed-loop
supply chain practices, some have been particularly active in promoting and
implementing them. This review highlights the opportunities and challenges
associated with implementing a closed-loop supply chain.
Keywords: closed-loop supply chain, sustainable production, sustainable
supply chain management, sustainable manufacturing, review

Introduction
The level of carbon dioxide (CO2) present in the atmosphere has risen from
approximately 280 ppm before industrialization to 391 ppm in 2011 [1]. By 2014, the
concentration surpassed 400 ppm. Thankfully, several nations have established
ambitious carbon emission reduction goals for the long term. For example, the United
States is working towards reducing all carbon emissions from power plants that
provide energy to American homes and businesses by the year 2035. This is an initial
action toward the larger objective of completely eliminating greenhouse gas emissions
throughout the economy by the middle of this century in order to control the effects of
atmospheric changes [3]. The UK has become the first major economy worldwide to
pass laws that by 2050 they will completely eliminate its contribution to global
warming, necessitating the achievement of net zero greenhouse gas emissions by 2050,
surpassing the earlier level of reducing emissions by at least 80% from 1990 levels [4].
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In March 2018, the Chinese government made a declaration of successfully meeting its
2020 Copenhagen emission-lowering targets, encompassing a 40 to 45 percent
reduction in carbon intensity [5] while India has recently pledged to reduce its GDP's
emissions intensity by 45 percent, by the year 2030 [6]. Brazil has also set targets to
reduce its GHG emissions, relative to 2005 levels [7]. The production processes that
occur all over the globe, generate waste and emissions that significantly contribute to
environmental problems. To address these issues, pollution prevention is viewed as a
critical approach [8]. In concern with environmental problems, to adopt practices such
as remanufacturing, recycling, etc., numerous organizations have introduced closed-
loop supply chain (CLSC) systems [9].
There are numerous definitions available for a supply chain. According to Beamon B.
[10], a SC is a ordered process of manufacturing in which raw resources are converted
into finished products, then transported to end customers. According to Pienaar W.
[11], a supply chain is the process of integrating multiple organizations to convert raw
materials into finished products and deliver them to the end user. According to Trevor
et al. [12], “a supply chain is a network of producers, suppliers, distributors, retailers, as
well as transportation, information system, and other logistics providers”. This
network includes both external and internal partners of the company. The forward
supply chain consists of a sequence of actions that are involved in converting basic raw
materials into finished products whereas the reverse supply chain encompasses the
various steps needed to recover a product from a customer to dispose it or extract its
residual value [13].
According to Guide Jr. et al. [14] CLSC management refers to the process of designing,
managing, and operating a system that aims to maximize the value generated
throughout a product's entire lifecycle, by dynamically extracting value from different
kinds and quantities of returns throughout a period of time. The primary objective of
CLSC is centered on retrieving products from end user and obtaining additional value
by repurposing the complete product or certain parts, components or modules of it [15].
Hence, the CLSC involves the recovery of products at the end of their use, followed by
the processes such as remanufacturing, refurbishing, or recycling to create new
products. This not only minimizes waste and environmental impact but also reduces
the need for raw materials and saves energy [16]. To create an effective CLSC, a
collaboration between stakeholders in the supply chain is crucial, including
manufacturers, distributors, retailers, and recycling or disposal companies [17]. By
adopting a CLSC, companies can improve their sustainability efforts, reduce costs, and
enhance their brand image [18]. Various companies including Nike [19], Dell [20], IKEA
[21], Coca-Cola [22], H&M, Zara, Prenatal, Oviesse [23], Hewlett-Packard, and Toyota
[24] have already adopted CLSC. Table 1 shows more companies that have adopted
CLSC. The current study investigates the benefits of implementing CLSC and the
challenges in its implementation.
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Table 1 Companies that have adopted CLSC

Company Website
Nike https://www.nike.com/in/sustainability
Dell https://www.dell.com/en-us/dt/corporate/social-

impact/advancing-sustainability/accelerating-the-circular-
economy.htm#tab0=0

Unilever https://www.unilever.com/sustainable-living/the-sustainable-
living-plan/reducing-environmental-impact/waste-and-
packaging/closed-loop-packaging.html

IKEA https://about.ikea.com/en/sustainability
Interface https://www.interface.com/US/en-US/sustainability/product-

transparency.html
Patagonia https://www.patagonia.com/worn-wear.html
Nestle https://www.nestle.com/sustainability/sustainable-

sourcing/coffee
H&M https://www2.hm.com/en_in/sustainability-at-hm.html
Toyota https://www.toyota-

global.com/sustainability/sdgs/challenge_2050/circular_economy/
Coca-Cola https://www.coca-colacompany.com/news/moving-toward-a-

circular-economy
Apple https://www.apple.com/supplier-

responsibility/pdf/Apple_SR_2021_Progress_Report.pdf
Levi Strauss &
Co.

https://www.levistrauss.com/2021/03/22/circularity-comes-to-life-
through-water-recycling/

Adidas https://www.adidas-group.com/en/sustainability/environmental-
impacts/more-sustainable-materials-and-circular-services/

Procter &
Gamble

https://us.pg.com/blogs/accelerating-recycling-and-sustainable-
packaging/

HP Inc. https://www.hp.com/us-en/hp-information/sustainable-
impact/planet-product-recycling.html

Benefits of CLSC
Implementation of CLSC can provide several benefits to businesses, such as reducing
waste, conserving resources, improving customer satisfaction, and increasing
profitability. Several other benefits of CLSC are given below.

Environmental Sustainability

One of the most significant benefits of CLSC is its potential to reduce the
environmental impact of manufacturing and supply chain operations. Each product
that is created, transported, utilized, and disposed of within a supply chain has a
certain level of environmental impact. This impact is determined by the materials and
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energy used, as well as the waste produced throughout the product's life cycle [25].
Researchers have taken an interest in incorporating recovery processes into the
existing supply chain to promote its environmental sustainability due to alarming
global warming issue and the increasing amount of e-waste. Minimizing the negative
effects of the activities of the supply chains on the environment should be a key
objective of a Green Supply Chain [26]. Integrating inter-organizational information
and strategies, such as product recovery to avoid waste material dissipation, can help
organizations promote themselves as environmentally and socially responsible by
generating efficient flow in their networks [27]. The CLSC offers multiple methods for
recovery and disposal, which include reuse, repair, refurbishing, and recycling, and are
of a high value [28].

Cost Savings

To achieve a closed-loop supply chain, products must be retrieved from the end-user
and transported back to the OEM for final disposal, which can include repair,
remanufacturing, or recycling [29]. This can significantly reduce their raw material
costs. By implementing CLSC, companies can reduce costs by extending the lifespan of
their products [30]. Guide Jr. et al. [15] discuss how closed-loop supply chains can lead
to cost savings by reducing waste, improving resource efficiency, and enhancing
customer satisfaction. Zailani et al. [30] have examined that companies that implement
CLSC practices such as product recovery and recycling can reduce costs associated
with waste disposal and raw material procurement.

Resource Conservation

One of the critical aspect of sustainable supply chain management is resource
conservation and CLSC is an effective way to achieve it. In a CLSC, the products are
designed and manufactured to be reused, remanufactured, or recycled at the end of
their life cycle. By keeping materials and products in use for longer, CLSC can reduce
the need for raw materials, minimize waste, and mitigate environmental impacts. Asif
et al. [31] have explained the concept of Resource Conservative Manufacturing
(ResCoM) which deals with resource conservation through multiple life cycles of the
product. Bell et al. [32] have emphasized the necessity for advanced closed-loop
capabilities that can address the issue of limited natural resources.

Improved Customer Satisfaction

By the adoption of CLSC, the companies can gain greater control over their products
throughout their entire life cycle, from production to disposal. This enables companies
to ensure that their products meet the needs of their customers and maintain their
quality over time. Additionally, closed-loop supply chains allow companies to offer
customers additional services such as repair and recycling, which can further enhance
customer satisfaction. Tracht et al. [33] have emphasized on customer satisfaction in

https://unicredit-capitalia.eu/


J Euro Eco His.
ISSN : 0391-5115
Volume 6, Issue 4 ( 2025)

https://unicredit-capitalia.eu/ 81

closed-loop supply chains. Companies can enhance customer satisfaction by
identifying the reasons for returns and determining the sources of returns, which can
assist in uncovering the possible advantages of creating reverse chains that are more
effective [34].

Countries that have adopted CLSC
One of the countries that have taken a leading role in the adoption of CLSC is the
Netherlands. Circular economy is being aggressively implemented in the Netherlands
by an increasing number of businesses, government, people, and research
organisations, which has led to the creation of several intriguing new initiatives [35].
The National Circular Economy Program outlines the Netherlands government's aim.
Its objective is to achieve sustainable economic expansion through the integration of
ecological and economics after moving through circular economy [36].
Another country that has made strides in closed-loop supply chain adoption is Japan.
Japan has long been known for its resource-efficient production practices, and in
recent years, the country has made significant investments in circular economy
initiatives. For example, manufacturers and importers are required by Japanese e-waste
legislation to return used devices for recycling and trash management [37]. Japanese
businesses have also taken an active role in developing closed-loop supply chains, with
companies like Toyota leading the way in adopting circular economy principles [38].
Germany is another country that has been active in promoting closed-loop supply
chain practices. The battery decree lays out detailed guidelines for collecting and
recycling used batteries in Germany. Manufacturers and importers have the option to
collaborate and establish a collective system, or they can individually organize and
manage their own distinct systems to collect and recycle. The individual takeback
systems are required to achieve a return rate that is equivalent to, or greater than, the
return rate of the joint system. The take-back system in the country that is most
frequently used was founded as the joint take-back system. This system is mostly used
by the majority of producers and importers of portable batteries in Germany [39].
Germany has a long-standing end-of-life vehicle (ELV) recycling infrastructure that has
been growing [40].
In addition to these countries, many others have adopted closed-loop supply chains to
varying degrees. According to several research, the emergence of environmentally
friendly manufacturing has made CLSC management an opportunity to increase
organisational competitiveness and adhere to environmental regulations set forth by
various regulatory agencies. In the past ten years, particularly in the European Union,
legislation that is focused on products has exacerbated this tendency [40-42]. China
has also implemented the CLSC practices. China has implemented a number of rules
and subsidies to help the battery recycling sector for electric vehicle’s battery recycling
[43].
Challenges of implementing CLSC

Complex Logistics
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Closed-loop supply chains require the management of multiple flows of products,
including forward and reverse logistics, which can be complex and difficult to
coordinate. Different stages of the chain supply are possible showstoppers since
reverse supply chains and their settings are yet not firmly established. The activities
are intertwined, reinforce one another, and are frequently dependent on corporate
operations outside the supply chain, such as product development and marketing [44].
The integration of forward and reverse transportation in a closed-loop network is
highly complex, particularly when uncertainties and the overall system's dynamics are
taken into account. A significant portion of research in the field of remanufacturing, as
well as the hybrid context, focuses on either the strategic creation of a closed-loop
system or the practical and operational planning of production and inventory
management, typically over discrete periods of time. This complexity arises due to the
interdependence of various factors, such as product quality, consumer behavior, supply
chain visibility, and technological advancements, which can impact the efficiency,
cost-effectiveness, and sustainability of CLSC [45]. The number of nonlinear
interactions may increase due to the systematic linkage between forward and reverse
supply chain activities [46].

Lack of infrastructure

Closed-loop supply chains require specialized infrastructure, such as collection and
sorting facilities, processing centers, and recycling plants. However, such
infrastructure may not be readily available or cost-effective in certain locations. Lapko
et al. [47], highlight the importance of investing in infrastructure development to
establish CLSC for critical raw materials. The manner in which recycling is carried out
can be significantly influenced by the availability of well-established industrial
infrastructure.

Cost and profitability

CLSC implementation can be expensive, especially in the initial stages. Moreover,
closed-loop supply chains would not always be financially successful because the value
of returned goods might be less than the expense of handling and recycling them.
Taking the case of photovoltaics (PV), the cost of recycling PV waste is too high.
Recycling is in competition with landfills and low-value recycling because of its high
cost [48]. Making sustainable items and handling return costs more than producing
regular products is another red flag for businesses. As a result, funding innovation-led
lean programmes within CLSC might have a beneficial or negative impact on process
innovation [49].

Stakeholder Collaboration

Closed-loop supply chains require collaboration between multiple stakeholders,
including manufacturers, retailers, consumers, and recycling companies. However,
stakeholders may have different priorities, goals, and incentives, which can make

https://unicredit-capitalia.eu/


J Euro Eco His.
ISSN : 0391-5115
Volume 6, Issue 4 ( 2025)

https://unicredit-capitalia.eu/ 83

collaboration challenging. Value is produced for an organisation when its primary
stakeholders join together with a stated shared sense of value and an understanding of
its purpose [50]. Koppius et al. [51] in a study have emphasized that although
implementing information systems in CLSCs can yield significant benefits, stakeholder
participation is essential to maximize these benefits.
Conclusion
In this paper, we have reviewed the advantages and disadvantages of CLSCs. The
implementation of the CLSC in various countries has also been highlighted. Given the
growing environmental issues, it is critical to implement sustainable practices to
recycle and reuse materials. As one of the best ways to contribute to a reduction in
environmental problems, CLSC has become popular and extremely well-liked among
researchers. Owing to its capabilities for material reuse and recycling, it considerably
aids in the preservation of diverse natural resources. In addition to environmental
sustainability, it provides multiple benefits to businesses such as cost savings and
increased consumer satisfaction. The implementation of it, however, is also hampered
by a number of challenges and limitations. Forward SC and CLSC are substantially
different from one another in a number of ways. As a very complicated management
process, CLSC is challenging to put into practice. Its implementation is being
emphasized by a number of nations considering its benefits to the environment. Many
companies, including those in the automotive and battery sectors, have implemented
CLSC in different nations. Even though many nations have implemented CLSC, it is a
challenge for several nations to implement it. In order to enable such countries to
implement CLSC, this still has to be researched.
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